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LCUTRODUCTIOM 


The Probloen 

Aircraft maintenance is a costly, complex, 
technical business. The problems involyed in managencnt 
of this business ere staggering. There are hundreds of 
thousands of parts in each modern airplane over which 
rigid controls must be maintained. Aircraft, aircraft 
parts, aircraft maintenance equipment and aircraft 
mechanics are expensive. Technical innovations to 
aircraft systems and parts are a constantly reoccurring 
problem. Everything associated with aircraft is technical 
end costly. 

In one airplane alone inefficient manasement can 
be translated into a multimillion dollar investment idle 
and useless. Haintenance mismanagement could result in 
the entire investment being destroyed along with many 
lives. Maintenance menagement must make advances to lceep 
pace with the rapid advance of technology of the aircraft 
itself and the soaring costs of its maintenance, 

Within the last two decades there has been ravid 


and extensive progress in the application of cybernetic 





techniques to management problems. | Two areas of activity 
involved are: (1) the concept of production, that is, 
automation; and (2) the use of computers for mass 
integrated deta processing and decision-making. 

Are aircraft maintenance managers using 
cybernetics to solve problems of management? What itind of 
vechnigues and equinment are manegers developing and using 
and what is the impact of this technology uvon aircraft 


maintenance? 


Scope and Treatment 

This study was undertaken to answer these 
questions and to develop a non-technical paner giving a 
general overview of cybernetics in aircraft maintenance 
management. Any one technigue or system discussed would 
lend itself to en investigation of greater effort than 
this entire paper. 

The reader will possibly note that problems and 
their treatment are frequently recopnized in terms of 
dollars. This approach is understandable in view of the 


writer's background and the academic application of this 


study. 








‘Generally defined, cybernetics is tne 
comparative study of the automatic control system formed 
by the nervous system and brain, and by mechano-electrical 


systems and devices. 





The subjeet was rescarched through extensive 
readings in books, periodicais, studies and reports. The 
writer corresponded with top officials in maintenance and 
management of American Airlines, United Air Lines, 
Continental Air Lines, Trans World Airlines, Delta Air 
Lines, Pan American World Airways, National Airlines and 
Trans-Canada Air Lines. Military officers, Federal 
Aviation Authority officials, representatives of aircraft 
companies and manufacturers of computer equipment were 
interviewed. To a lesser extent the writer called upon 
his own knowledge and background as a military pilot and 
former squadron maintenanee officer. 

The paper begins with a brief sketch of military 
applications of cybernetics in maintenance management. 
Investigation proved military aviation a late entry into 
the field -- fully ten years behind the commercial 
airlines. Basically military aviation is just recognizing 
its management problems ..id the potential of cybernetics 
for control. The airlines have been making profits on 
these applications for a decade. Therefore, the remainder 
of the study is in the maintenance activities of the 
United States commercial carrier. 

Chapter two outlines maintenance costs within the 
airlines and how cybernetic systems can help. This 


chapter is an introduction to the airline maintenance 
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problem end was developed primarily from corresoondence 
With officials at Comtinental Air Lines, Inc. 
The third chapter deals with computer control over 


the preventive maintenance concent now emoloyed by most 


{3 


irlines, This applicetion is perhaps the most 


ye 


C9 


ienificant appdication of cybernetics to the airline 
maintenance problem to date. CGhapter four offers a 
specific example of this innovation ~~ Trans World 
Seplines! cemputer systems 

Chapter five deseribes the evolution and 
application of the "critical path analysis" at United 
Air Lines Base Overhaul -« developed from the familiar 
managenent tool -- PERT. 

Chapter six reviews what automatic maintcnance 
equipment is availeble now and whet direction should be 
taken in this area, Chanter seven discusses the flisht 
recorder as the solution to the "hours flow" concept of 
management and its significance in cybernetic management. 
The last chapter, cight, siummerizes and critiques the 
approaches to aircraft maintonance problems and what gains 
have been realized. 

It is not the thesis of this study that 


cybernétics is a panecesa for aircraft meintenance 


managenent probleus.s 





CHAPTER T 
MILIGARY APPLICATIONS 


Military aviation currently is turning its 
technical attention to more sophisticated aircraft 
maintenance management systems to bring problems in focus 
and costs under control. The Department of Defense claims 
they are spending about 25 per cent of the defense budget 
and the efforts of a million defense people on maintensnce 
of military equipment. | Even in the absence of a 
adequate cost accounting system, it is safe to estimate 
that of this $12 billion that $6 billion is used on 
airerart meintenance. 

Gost, however, is not the main reason for 
intensified enphasis on meaintenencse. National security 
comes first, then economizins. Equipment readiness is of 
primary consideration toward overall readiness. No longer 
is there o clear distinction between peace and wer 
Constant readiness is required. Cuba has shown that we 


must fight future wars with what we've got now, not with 








‘wacner, Joe, "Maintenance Is the Key to Our 
Defense Posture, " Armed Forces Menegement, Jan. 1964, 
Da We 





what we may get from production lines tomorrow. 


Maintenance is the key to our defense posture. 


Labor Accounting << 


Dace Golloction 


in July 1962 the Strategic Air Cormand reported 
it had sent some 15 additional B-52 aircraft and 31 
KC-135 tankers to the ready line -=- the result of a 
relatively new maintenance menarerneont prosran.! 

This Air Force Maintenance Nanagement System, as 
outlined in Air Force Manual 66“1, adopts a twofold 
system to manese resources. An exception manpover 
accounting system is used to identify and anelyze the 
labor force and a maintenance data collection system is 
used to identify production and offer a technical analysis 
of equipment. 

First, consider the date collection system, This 
system provides for maintenance data collection by means 
of work cards (see Fisure 1) furnished to activities 
whereupon pertinent information is recorded by code as 
work is performed. The informetion is then extratted and 


machine processed into punched cards. The punched cards 











' Bamford, Hal, "How Good Is liaintenance 
Manaponont, ' Arned Forces atiadiet Ite Jails 196g p. 23. 
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Figure 7. 








can then be fed into electronic data processins; equipment 
for analysis and sunmaries.! 
A separate accounting system is utilized for 
man-hour reporting. The system is based upon the 
"exception" princivle since each deviation from normal 
duty must be accounted for. Work centers are echarged with 
Labor by normal duty hours. Deviations from normal 
maintenance functions as reported by Daily Exception Cards 
(see Figure 2) are used to adjust labor changes. ‘the 
results reflect the true number of man-hours consumed 
within each maintenance activitye” In this manner close 
surveillance and control is provided for a@ large segment 


of maintenance =~ labor. 


ther Evaluations 
The Nevy began ea study and evaluation of a 


3 


maintenance system in August 1963, The purpose of this 
project was to recommend implementing action to achieve a 
standard maintenance planning and control systen through 
electronic data processing of information. The principle 


end procedures of the Air Force system described above 








lu.S. Air Force, Maintenance Manarement, Air Force 
Manual 66-1, 1 Sept. 1962, UeSe Govermient Printing 
Ofrice, Chapter Je 


“Tbid., Chanter &, 


30.686 Navy, standard Navy Heintene nee Manarerient 
System, OPNAV 1.700.10A, 1 August T9636 
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were recognized as adaptable to Navy re uirenents.. 
Evaluation and development of this systen, as well as 
others, is in progress at this time. 

The Arny exomined the Air Fores system in 1963 
end adopted salient features with minor changes. The 


Marine Corps follows Navy operating procedures. 


Cybernetic Systems 

Essentially all of these systems are to provide 
maintenance management with information -- information 
thet is timely and meaningful for decisions and control. 
Through electronic data processing these systems can 
provide maintenance menegement with information as to what 
production jobs are performed by the manpower available 
for direct labor in each work center. In addition to what 
is done, the system provides data as toe how many direct 
men-hours are expended on each jobs; why each repair is 
required; when the malfunction was discovered; and wnat 
work center accomplished the work. Ail maintenance jobds 
are recorded in such a manner that comprehensive data is 
available for analysis of failure rates versus operation 


time; malfunctions related to inspection periods; 





lwithin aviation the adaptation is recognized as 
comparatively direct. Both Air Force and Navy systems 
have been and are being developed for seneral maintenance 
manapenont and ere not restricted to aviation maintenance 
Nano gsenent « 


41 


reliability expectancies for systems and components; and 
frequency and volume of malfunctions related to when 
Gi scovereds. 
This information, fed into a central control 

nt, permits comparisons and anelysis by electronic 
date processing systems to be made from the basic data 
collected. It permits menagers a timely overall picture 
from which to base decisions. Summery data accumulated 
over a period of time can be used for manpower plannins; 
Labor distributions; tooling and equipment needs; budget 
computations; and cost analysis. Maintenance managers 
can use this deta for decisions regarding inspection and 
maintenance requirements; life expectancy; time change 
reguirenents; justification for modification proprans; 
Master repair schedules; deficiency analysis; costs, and 
parts and components needs. 

These techniques are valuable management tools 
Maintenance management, however, is evolving slowly in 
the militery in comparison With commercial aviation. 
subsequent chapters will be devoted to investigation of 
cybernetic maintenance menagement progress in U.58. 


airlines, 





CHAPTER If 


AIRDIMG MATHTERANCH COSTS -- 


WHAT CYBERNETICS CAN DO 


The scheduled airlines of the United States spend 
almost two-thirds of a billion dollars annually in 
maintaining their aircraft. In an industry whose profit 
margins are small, lowering of these costs cen be vitally 
importent. A 10 per cent decrease in maintenence costs 
would have produced a 60 per cent increase in after taxes 
profit for the industry for 1962, The impact of these 
figures point out the necessity of considering, "Where 
does the maintenence money go?" before evaluating any 


aircrary maintenance management techniques or systems. 


Direct Costs 

in broad terms, maintenance costs may be 
classified as direct and indirect. Figure 3A illustrates 
that part of the maintenance dollar which goes to direct 
costs. These are the costs of the productive labor and 


* ry 


materials used in the maintenance worl on the sairfrane 














Ail i a Re ah 


‘retter from Alexander Damm, Vice President 
Pinence, Continentel Air Lines, Ines, Los Angeles, Califs, 
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Figure 3.--General Dis 
Airline Maintenance Expenses 


source. Letter from R. M. Adams, Vite President 
Engineering and Maintenance, Continental Air Lines, Inc., 
Los Angeles, Calif., 3 Dec. 1963. 





th 


engines, and all the associated instruments, accessories, 
radios and equipment. These direct costs account for 
approximately 69 per cent of the maintenance expenses. 
Of these direct expenses about 50 ver cent is for labor, 
about LO per cent is for materials end about 10 per cent 
is for outside services. 

The percentage of direct costs accounted for by 
materials is constently increasing over the years with new 
eaircrart designs involving more and more expensive parts 
which ere not easily repairable, or capable of being made 
by the airline itself. 

The amount of money spent on outside services 
varies between airlines and within a given airline it may 
vary between airerart types. It is a function of the 
enount of work sent to outside agencies. As such, the 
figure is a little impure in the direct cost sense since 
the billings will include labor, material, overhead and 


presumably the profit for the outside concern. 


indirect Costs 
The remainder of the maintenance doliar is spent 


seen 


£8) 


in indirect costs, amounting to 35 per cent as can b 
in Figure 3B. the obvious excess over 100 per cent of the 


xpense dollar resulting from the addition of direct and 











lhetter from R. M. Adems, Vice President 
Engineering end Maintenance, Continental Air Lines, Inc., 
Los Angeles, Calif., 3 Dee. 1963. 
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indirect percentames is corrected by deducting lL per cent 
for credits which are the profits Prom doing work for 
outsiders. This approach should point out to maintenance 
menagers one way to do something about maintenance 
expenses, thet is, perform work for others if you can do 
so at @ profit. The adjusted direct and indirect expense 
dollar percentages then show on the total, Pigsure 3p, | 

The greatest portion of the indirect costs are 
payroll related. For the sale of exemination, in Fircure 
the indirect costs are broken into three arbitrary sroups 
using labels of staff esuppert burden, assisting burden 
and nonproductive burden. Now considering them in the 
reverse order, nonproductive burden runs about 35 per cent 
of the totel burden and is made up of federal and state 
payroll texes, company contributions to retirenent and 
welfare Cunds; labor charges for holideys, sick leave, 
injury, vacations, cleanup, stundby and so on. Assisting 
burden is about 31 per cent of the total burden cnd is 
primarily comprised of shop supplies, expendable 
materials, hardware; cleseming compounds and stetionery, 
light, heat, power and water, rents; cuerds and janitersy 
telephone and teletypes, expendable tools, materials, 
labor, gas and o11 to maintain and operetes ground 


f 


equipment. Ve third group, staff sunport burden, 


a ee 














1 Lb 








ST RTC TET ITNC 
ba’ Ataciwici be | Paul rg 














GALTHOAGOGd i10ll DANLLSISSV 
AINE UT SAOFTUS?P 
SABOTHOTS Spreng 
s) © 
GN-U89T) VIteUD SILT ai] 
fapueas quowctnbr punody 
ey > 
we 
Xe) SABVOCTO! BLOOL 
= SUOTIBOZA OTQUepuc oxy 
& (> 
OLeITo! euoyud *4.ueuU 
i 6 te a 
QUOUWSIT 4.934 2E9H “24st 
> 
, ® © 
| SsetTadns 
SOxe iy, a aaa 
~ SO9TTTO PY dous 
([TOtseg i 


ete 





Bsc 








1 ee re By 





. 


aide rata 
anes Ve 


WHOdINS wWhiVos 





SITES 
© 
SIOTTOAIUuoy 
6 
Si9uuetd 
oO 
soofloTcunm seasoo 
m9 
SLoOoUuTSUG 
O 


SAiostaAdedne 





BLE 


n of 


ance Expense 


» ® 


UVLO 


L 
nten 


y os en 
Line 
Jo “8 ae 
> Men 


SUPa 
rec 


. r 
ES 

& 
ai 


rh 


in 





17 


emounts to about 31 per cent of the totel burden and is 
made up of salerics for people in Supervision, 
engineering, production control and planning, stores 


keeping, records keenpings plus training costs, travel 


rent 


expenses and the like. 


This ie 1 


a 
Pa) 


rere airlines maintenance money foes. 
Now how can cybernetic systems help management to reduce 


costs? First, consider indirect costs. 


Sunport Staff Burden 

Little relief can be exnected in this area by 
eybernetic systems. Yhere will probably ve a shift in 
the composition of these functions but the total expense 
Will likely remain constant. The shift will probably 
be from middle managers toward top managers. The overall 
mmber of people will be drastically cut but the cost per 
employee will probably rise sharply. For example, the 
need for certain stcifs, accountants, store employees and 
supervisors will drop sharply with the advent of 
cybernetic systems but the need for engineers, planners 
end top level menagers will rise, 

The pereentege of indirect to direct cost is not 


the important factor; however, the overall cost is. if 


the burden costs stay constant and productivity increases, 





\apids 
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the total dollars of burden will increase, yet direct cost 
may decrease sufficiently to have a substantial overall 
decrease in unit costs. The staff support dollar should, 


then, more than pay its way with cybernetic systems. 


Nonproductive Burden 

Returning to Figure lh, consider the nonproductive 
burden. It is in this area thet the greatest savings can 
be effeeted. Cybernetic systems can reduce the overall 
need for workers as the writer attempts to point out in 
material developed in subsequent chapters. The impact of 
savings in this area is more graphic if one considers that 
18 per cent of each worker's total cost is paid directly 
into unproductive cost -- taxes and fringe benefits. | 
One should consider also the social trends of the day and 


that sbvate and federal law falls outside of most 


maintenance management's direct influence. 


Assisting Buracen 


Obviously there will be no savings in this erea. 
With the introduction of cybernetic systems there will be 
a sharp rise in costs in this area for rent or purchase 
and installation of sophisticated equipment. The cost 


increase in this area will offset any savings realized in 
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the nonvroductive area. Inereased productivity, however, 


Will be the key consideration (as discussed previously). 


Reducing Gosts 

One of the major avenues for reducing direct 
labor and materials costs lies in the introduction of 
cybernetic techniques and philosophies. these improved 
maintenance systems and téchnicues will permit 
accomplishment of maintenance only when it needs to be 
done and will get the job done in the most expéditious 
manner. 

It Will improve scheduling to essure thet the job 
Ls not performed before the} tine arrives and will see 


that this time arrives in 4 smoothly patterned workflow. 


These statements are elaborated on briefly in reverse 


order. 


scheduling 

Plight sehedules ave primarily set to produce 
revenue by flying where and when the customer wants to. 
Minor changes in these schedules can heave a large bearing 
on maintenance manpower requirenonts. A very simple 


example is a line station with five transit Plichts 
occurring in one shift, as shown in Pigure 5S. By having 
the Plight transits scheduled end to end, only one sround 
crew is needed. By superimposing only two of the 


transits, two ground crews are necded, snd they produce 
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Migure 5.-+Scheduling Effects on Cost, 
Example 1 





no nore thon did one crew, but with a 100 per cent 
increase in cost. Cybernetic management techniques can 
assimulate this problem -- compounded by passenger 
demands setting the basic schedule, 150 plene fleets 
thousands of time~controlled parts -- and come up with 
the pest schedule. 

Another area in stheduling that could result in 
direct cost savings by computer essimulation is 
illustrated in Figure 6. Assume a tine Limit of 100 
hours between the recurrent performance of some task 
which uses 6100 worth of labor. If for some reason 
sehcduling results in this job being done at 80 hour 
intervals, and improved schedulins increases the 
interval to 96 hours, a cost reduction is achioved fron 
$1.25 per flight hour to &1,0i per Plircht hour == a 
decrease of nearly 17 per ¢ent. How suppose that they 
found out that they really didn't need to perform this job 
at 100 hour intervals, but that it would go for 300 hours 
safely, with a cost inerease for added wear to $120. 

The cost per hour would then be only $0.2 per hour or 
more than a two-thirds reduction from our sterting Pigure 


of $1.25 per hour. This type of major cost improvenent 
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i ossible through use of cybernetics, 
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roved Techniauces 





First of all, when an airplene is undergoing 
maintenence work it isn't earning revomie. It is simple 
arithmetic that any technique te improve and speed-up 
overhaul periods will effect large reductions in cost. 

If overhaul periods are cut from 5 days to . days, there 
is, of course, & one-fifth sevings in overhaul costs and 
the aircraft is out earning revenue on the fifth day. 

It should be just as obvious that maintenance 
menogenent needs the development of systoms that monitor 
the condition of all the components and aircraft structure 
without requiring expensive disassembly of the aircraft 
With all of its bad side effects of Murphy's Law', 
mechanic tinkeritis and other built-in costs. 

It is in the area of direct costs ~- where costs 
ape evcr increasing because ef technological improvements 
-=- that cybernetic systems will effect the most in savin 


for aircrart maintenance managers 





ivurphyts Law. If an airerart part can be 
installed wrong, someone will do it. 
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CHAPTER TIT 


COMPUTER CONTROL -- Ail AID 


TO ATRLIVE MaTNPRNAvce 


Airlines in the United States begen to entrust 
more and more engineering and maintenance functions to 
computers in the late 1950's in «en effort to reduce the 
$670 million they spend each year on maintaining and 


1 The maintennnce of aircraft 


overhauling aircraft. 
esonts unique problems since failure while a nleane is 
in the sir can cost mmen Lives and entail millions of 
dollars in caquinpment loss and passenger suits. The Letest 
technique for maintaining flying equipment in peak 
operating condition is computer control of aceumulated 
Time on airfremes, cngines and time-controlied parts -< 


the preventive maintencence concept. 


Preventive Maintenance Sched duling 


Preventive maintenance is e comparatively new 


concept that calls for the progressive overhaul of certain 


— 


eritiecsl partg of a unit at specified time intervais. if 
statisticel dete show that hydraulic pump betrings ‘on 


certain aircraft fail after 1,000 hours of flight, this 
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Litem must be marked for removal at 1,900 hour intervals. 
such a system of controlled maintenance, therefore, 
safecuards against breakdown. Uours flown, thon, has been 


stablished as the measuring stick for routing aircraft 


G 


to overhaul stations. 

The job of scheduling end maintenance control is 
the responsibility of the airline engineering and 
maintenance department. Volwnes of records are kept to 
control huge stocks of items, determine component failure 
rates and schedule and maintain equipment over a larre 
network of operations. At least 60 ver cent of an 
airline's total menpower may be assigned to this area, 
renging from dispatches, central overhaul crews, station 
maintenance crews, and an engineering staff to office 
control clerks, general supply clerks and parts 


1 Because of this, maintenance managers 


warchousemene 
have been struggling to accomolish some streamlining of 
records. The problem is complicated, however, because 
their staff must be in inmediate possession of the 
following essontial data: 

a. What units are seheduled for the next overheul 
period? 


b. What components are due for the next overnsul? 











lamerican Airlines, "Fulsa Management Research 
Application Ho. 500I, SPQ Computation/RL Control," 
Tulsa, Okla. (ilimeosraphed.) 
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c. What are the presently installed components? 

ad. What are the prematurely removed components? 

&. thst are the failure rates for cach component? 

f. What components are on hand at the overhaul 
base ond et each terminal station? 

The airlines maintenance and enginecring 
departments maintain four types of records that furnish 
all the necessary information to answer these questions: 

1. Master Unit Record. Date is meinbained by 
unit serial number showing hours flown since last 
inspection or overhaul; date since last inspection or 
overhaul; and other miscellaneous historical information. 

26 Component Overhaul Necord. Records are filed 
by partenumber sequence by unit-serial mumber. Data 
includes date component was installed, and hours since 
last inspection or overheul. 

3e Parts Stock Centbrol Reeord. Yhese records 
contain information required to control each ef the 
component items stocked at the various outlying 
maintenance activities and the central maintenance 
location. 

lie Component Performance and Irregularities 
Record, irregular removals and scheduled removals are 
recorded throushout the month. Summary calculations are 
made at month's end for plotting to analyses curves. This 


aids management in deciding throuch actual performance if 





















7 





—+-—- 


ee oe 
a) ee Ally 
la 


— «= fs 
or a eee ane 
——— a > 
ee = ee” 

i ) a, me « 
* wives! ofa. <4 
a iV ihe h a _——#,,_ et 

_~ i, phen « 

ef te ae Ae ) |=? Cee 

—> x 

a — .-ae es gi Co =F & 
-_— — _———-s © ~ 

- (“EP ew toes 


a mz, - m= -— = - = = ==> 














—elle > ee ee eee ial s 
(o = «= = £& == ee’ 
o's lc = oe ae ——_—— ~< = 5 


‘> ll _- e +> - > 616° ow © - 





——_—— SS ——— * -_ & as *s - 


at 


the overhaul period for that item misht now be extended, 
The result is less shop repair and lower meintenance 
costs. On the other hand, numerous failures over a 


period of time may cause shorter overhaul periods. This 
entails additional shop repair. | 
Prior to the adoption of the computer, most 
airlines used a system of manual posting to ledger cards 
the same system adopted with the inauguration of the 
preventive maintenance dlan. ‘Ynhe upkeep of groups of 
records wes divided among several departments. American 
Airlines master unit records were filed in the Operations 
Department; component overhaul records were kept in the 
Maintenance Department; stock control ledger cards could 
be found in the Supply Department; and performance and 
irregularities records in the Engineering Department. 
wach of these departments required a sevarate staff of 


2 . ° a 
clerks.© Qther airlines employ similar systems. 


The Computer 
The computer offered the first real solution to 


the maintenance maneger's records and control problems. 





ip~mericon Airlines, “fulsa Menagenent Research 
Application No. 508, Vorlload Mechanized Production 
Control," Tulsa, Okla. (Mimeographed.) 


“Letter from G. ise Darry Monager, Systems 
Management Research Division, Lideioen. | keene, 
Maintenance « Engineering Genter, Tulsa, Okla., 
30 Jan. 196k. 
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Its concept of in-line procossing meant that a single 
transaction affecting a component part could be posted 
to three individual record sreas. Of cqual importance was 
the ability of the computer to make certain decisions 
regarding unit seheduling and stock ordering, 

With the computer a better job could be done in 
scheduling equipment for maintenence checizcs and overhaul. 
Gomponent eheck sheets can be furnished prior to the 
errival of an airplane et the terminal so that items 
thet have not reached their overhaul period will be 
omitted. United Air Lines! Manerer of Accounting, 

Ke S. HankLland, stated thet keeping track of low-time 
items could mean a half<miliion dollar reduction in their 
maintenance repair costs ee. Heretofore, the 
difficulties of maintaining schedules on all itoms 
necessitated overhauling every component on that unit 
woen it arrived at the main base. 

With the commuter it is possible to control e 
centralized stock inventory system for the fast moving 
critical components carried at both the main overhaul 
base and the maintenance terminal stations. Thus, 
emergency stock required for use at the main depot can 


be quickly locatod at any of the other bases. 





= aaa. 


"hebe em from KH. 8. ee Manager of 
Accounting, United Air Lines, San FPrancisco, Calif., 
16 Dec. 1963. 
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Furthermore, because this stock can be closely controlled, 
the amount of inventory carried in the stock bins can be 


substantially reduced. 


General Airline Application 

Trenscontinental airlines operate average fleets 
of 150 aircraft. Because each plane is made uo of 500 
maintainable parts, individual records for 75,090 
component items might be kept on file The computer is 
used to control the in-service time by scheduling the 
150 aircraft through three basic types of maintenance 
checks: 

te Emroute checks Sor aircraft Legging lees 
than 125 hours flight time. 

2. Intermediate line check, performed every 125 
hourse 

3% Overhaul check, at cach 2,000 hours on 
components and airframe. (A totel of 8 of these 2,000- 
nour checks micht constitute a complete overhaul 
eycle.)' (See Figure 7). 

In addition, 211 500 components of each of 150 
airvereft art tame=controlled and their stock regords 


updated. Summary failure data or irregularities are 





inorbers, J. We, “Orcanizinege & Managing For The 
Maintenance Job,” IATA Production ¢ &: Control Groun Paper 
for Ninth Meeting, Hamburg, Germany, 10-1!: June 1963. 
(Himeographed. ) 
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Bibso recorded 60 that the performance of every one of the 
items may be analyzed within its overhaul period. 

The input data fed to the computer consists of 
omy four types~of datas! 

1. Flight Leg Cerd. 

2. Serviceable Part Tag. 

3« Repairable Part Tag. 

lh. Miscellaneous Invontory Card (i.c., receipts, 
adjustments, etc.). 

A Plight leg card is a teletyped message from 4 
terminal setting forth a plane's hours flown between two 
points, Supplementary data micht well be included, such 
as ton-mile traffic, crew numbers, etc, This information 
is then fed daily into the computer to update flight times 
on the 150 aircraft master disk records. 


A. serviceable part tag is an item carried in the 


63 


tock bins which is requisitioned by the mochanic for 


fete 


nstellat 


je 


on on an airplane, A repairable part, on the 
other hand, is an instelled item that has been removed 


from the aircraft because of faulty condition and must now 


eo) 


be routed to the shop for repair. These tegs alver both 
component overhaul and stock control disk records, and 
in some instences might also be recorded on the cormonent 


performance disks. 
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scheduling decisions now become automatic. For 
example, the in-line printer will print each plene's date 
due for overhaul by calculating current time since 
overnaul plus anticipated future flying time. It will 
also print maintenance check sheets, itemizing only those 
component items due for removel at a particuler period. 

The orgcnization of the computer file is generally 
simole. Aircraft records, for exemple, can be stored on a 
portion of one disk face of a conputer disk storage unit; 
the 500 stock control records end 500 component records 
appear on one disk each; and the 75,900 component overheul 
records can be packed into the remaining disks,! 

Input volume in the system described i 
excoptionally low for a computerized system -=— a top 
average of perhaps 25,000 cards per aay.” Utilization is 

ally made of any remaining unused disk file to 


accommodate storage of technical data. 


A Technical Library 


storing engineering and technical data on computers 
for various complex aircraft systems is enother recent 
innovation. Volumes of books, reams of specifications and 


thousands of blueprints, drawinjjs and diagrams are used 
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: 


by the maintenance manager to maintain md service an 
aiverart, Finding the right information for @ job 
freauently involves hours of search. 

Ficure & shows a schematic omammle of the 
Beeing 72f ond Slecbronie data preeessing of 
electrical wiring date. Besic wiring deta from 
engineering and menufacturing is stored in the computer 
on magnetic tape. he computer is taen prograrmed to 
provide information useful to maintenanee. The principle 
Benefits of vhis proeram oh from the spe@d and accuracy 
at which ell the interrelated wii’ne data is made 
eveailable to these affected. The sinple logic of the 
computer forms a more complete engineering definition of 
all wiring details than was normally aveileble. For 
emanple, cach ground and splies in an aireraft clectrical 
system is now completely identified and its location 
specified. ' 

The overall benefit to the maintenance manager 
is that more corplete system date in now available 
guickly and more easily then by the former manual methods. 

Tne scheduling of equipment and its cormponents for 
imspection and overhaul is ea new aoplication for computers, 


Major U.S. alrlines, hovever, now heve a 


comprehensive computer controlled accounting system, as 





Tone Boeing Company, Airplene Division, "727 
Wiring," Renton, vashing gbon, 1963, ep. 66=72. 
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described, as part of their system of scheduling equipment 


and its cermonents for inspections and overhaul. 
chapter describes Trans World Airlines! specific 


application of this technique. 


Tne next 





CHAPTER ITV 
TRANS WORLD ATALIHES! COMPUTER SYSTEM 


Trans World Airlines has installed a centralized 
maintenance system at llid-Continent Airport near 


Kansas City with a communications and data processing Link 


£ 


to 73 cities in the United States and 23 bases elsewhere 
along the airlines! 50,000 route milos,' 
This international carricr spends nearly 
S90 million annually on maintenance. The systen 
inaugurated in January 1961, features a Royal Precision 
LGP-30 computer which is used in conjunction with a 
world-wide teletype system. Daily reports received by 
wire from bases in other countries can be analyzed by 
the computer in minutes and the results teletyped baclte< 
A major segment of Trans World Airlines! 
maintenance program involves keeping tebs on more than 


25,000 power olant parts and 50,000 airplane parts 











‘opans World Airlines, "Data Processing 
Sneineering Anplications tansas Cites, Mow 13 dene 196%, 
(Mimoograplied. ) 
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desismeated as time~-controlied units. ‘Subject to strict 
control by Federal Aviation Authority, these units must be 
replaced periodicelly as use-time mounts. 

Under TWA‘ts integrated systen the comouter keeps 
track of the hours accumulated by each unit under contrel. 
the Royel MeBee computer is desk sized, yet it has 
sufficient capacity to monitor more than 6000 different 
units used on 18h. sivereft.© 

ach morning the LGP-30 is fed information on 
every aircraft in the fleet. Previously this information 
teck days to arrive from distant bases. The tele-tyne 
computer combination provides current, cormprehensive 


reports which formerly were inmossible, 


the Computer Program 

The LGP-30 is @ low-cost, high memory computer 
with a simple command structure of 16 commands such as 
‘edd. “eubptratt," "“miltipivy,;” end “dividey"” 8 heé 
space for 1096 words in its memory. It is located in the 
maintenance administration office rather then ina 
centralized data processing group. TWA personnel spent 
two weeks at Royal lickeets computer course to iearn the 
unit's operation.” 
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TWA says the computer: 

1. Speeds accunulated-hours reports. Daily 
rather than bi-weelz:ly reports on time-controlied unit 
changes coming due are now available. Unit time since 
overhaul is computed and printed auvomatically as changes 
are fed in. 

2. Faeilitates aireraft seneduling. teed tine 
needed to schedule engine and other unit changes has been 
reduced es much as 50 per cent. 

3. Facilitates shop scheduling. Accurate 
computer forecasts of future work assists in plannine the 
shop workload. 


hls 


; 


bed Ad 


faximizes utilization of time-controlled 


iJ 


perts. Time-controlled parts are now being pun nearer to 
their allowed Limits due vo the daily updating of the 
aircraft files. 

5. Forecasts mainteneance-due dates. Such 
forecasts for power plants and other components are 
prepared in a fraction of the time previously required. 

6. inereased data processing capacity. The 
volume of time-controlled unit activity is increased 
ooproximately 50 per cent by the addition of jet flects. 


Aided by the computer, this additional workload is being 


handled with present personnel. 
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7s Updates part history cards. Part history 
ecards for more than 30,000 time-controlled parts are 
posted in half the time through the use of computer 


reports. | 


the Power Plans 

Computer Programs at TWA can be divided into three 
Major parts. The power plant program, the first to go on 
time, rides herd on more than 800 pniston units, plus 6 to 
190 tine-controlled parts per piston enrcine and 15 units 
per jet ens i 

Time-controlled power plant parts are short<-hour 
units whose service life falls far short of the airframe 
overhaul tines of 4000 hours for piston aircraft and 3000 
hours for jets. Jet engines must be removed and inspected 
at least once during each overhaul cycle. Piston engines 
are pulled after 1500 to 2200 hours of service for 
overhaul. Time-controlled parts include provellers, power 
recovery turbines, turbo compressors, jet fuel controls 


and others 








Tagg manips De Hey “Project Report TWA, 
Kenses City, Mo., May 1961. (Mfimeographed.) 
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“frans World Airlines, loc. cit. 
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Stored in the computer's menory are plane mumbers, 
engine numbers and locations, time-controlled wnit serial 
numbers end the time sinee lest overnaul for all items, 
plus basic procsram information on FAAeallowed time limits. 
teach morning, the previous day's flisht hours for every 
aircraft are received, punched into tape and fed into the 
computer, 

Input is plane number and flight hours. The 
computer finds the right plane listing and updates all 
items; It then checks certain specified parts against 
MA meximum time limits and prints out the time the part 
change must be made end remaining hours. Part removals 
are read into the computer daily. 

Since TWA divides its aircraft into fleets based 
on plane types, all comouter programs are run by fleets. 
The basic information on maximum time limits and parts 
stored in the computer varies by plene, necessitating this 
common=-plLaune approach. 

Updating power plant time-controlled units, 
searching for unit chenses and puncning out a new master 
file takes about 90 seconds per plane. The largest of the 


nine fleets ~= twenty-eight planes -- is processed in 


fewer than 5 minutes. 














Tapans World Airlines, loc. Cit» 
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Time-controlled parts that have exhausted their 
allowed time are returned to the Kansas City Maintenence 
Base for complete overnaul. Unit time reverts to zero 
hours. Parts that are removed because of a malfunction 
are sometines repaired and continue to accrue time in 
service until reaching the FAA syecified maxinnae 

Approximately 6000 different wnits are renaired 
in TWA shops. The production rate of these units is 130 
per day. About 100 piston engines are overhauled each 
month. The jet engine overhaul is presently 65 overhauls 


per month, | 


The Airfrane Program 

Time on the airframe itself and associated 
airframe parts such as cockpit instruments, landing gear 
and autometic pilots is also controlled by the computer. 
Tabuleting time on the airframe is straigntforward 
accounting. Controlling time on airfr:me parts is similar 
only in some respects to controlling time on power plant 
parts. 

Unlike power plant parts, airframe commonents are 
long-hour units whose useful life generally exceeds the 
airframe overhaul period of 3000 to 1000 hours. 


Previously these parts -- numbering ebout 80 for piston 








INickerson, LOGs Cit. 
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craft end 130 for jet ~=- were updated only when the plane 
arrived for overhaul. | 

By nucting the cirframé progren on the computer, 
an aceurmiated hours report is available daily. Given 
this information, it is now economically vossible to run 
parts nearer to their allowed limits, chanzing then 
between base overhculs during regularly scheduled checks. 

Ones parts have been removed, part history cards 
must be brought up to date. By printing out complete 
information on parts removals the computer has helved 
halve the posting time. 

The plane file tape conteining complete 
anirormation on the plane end parts is not stored in the 
monory but is run through the computer one plane at @ 
time. The computer uprrades time and makes all pertinent 
part changes. It notes whether or not newly installed 
perts Will reach the next airframe overhaul without 
exceeding specified overkaul limits and points out 
exceptions with the airerart time at which the unites must 
be renoved. 

Al veré®hene to tho master file are then printed 
out for use with the next day's updated run. The comple 


updating transaction requires fewer than two minutes per 
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plane on the averaze. Error checks throughout the prorcran 


guarantee accuracy. 


Unit Change Simulation Progren 

As an ald to scheduling and planning, TWA has 
built a unit change simulation program now used only for 
complete power plants which presonts a 30-day forecast of 
engines that will come due for inspection and overhaul. 
Based on assumed conditions proven by past expericnce, 


the program print-out is an itemized list of engines and 


won Jote 


maintenance-due dates. 

Mr, Wickerson, TWA's Director of Data Systems and 
Design, says, “Current computer prograris represent only 
& segment of the workload planned for the future." 
since the time-controlicd part prorrem has produced 


n maintenance costs through maximum utilization 


ta 
bs 


saving 


of part life, it will be expanded to include additional 





Iapid. 


“Letter from D. He Nickerson, Director of Date 
Systems and Design, Trans World Airlines, Hansas City, 














al @ aml La ~~) 
- (mt oe ae 
o ten be aie ils 
ls Cid ty +r led om 
—iame - le ae! os 6 ay 
— 
er a. a ce ee | le 
et Cee heey fe Oe pe 
on) Li ag 
——t a. a QE 12" « = 
ee ok aoe a le 
Lae let oe bee Ge Oe be ait 






= 





> 


ao Ti _ , vd 2 my ——_ 
- — OF ua aa 





CHAPTER V 


UNITED ATR LINES DEVELOPS COMPUTER 
PTECHITTOUES FOR OVERHAUL 


A new management technique called "critical path 
analysis" has been developed to svoecd birerert through 
overhaul at United Air Lines, San Francisco Maintenance 
Pase. This planning and production control tool, adapted 
from the PER?! system of militery and space managonont 
programs, is made possible by computers such as the IBM 
1401 and their ability to assimulate vast quantities of 


ravy date. 


Manearement Problom 


United's Overhaul Base must provide safe, 
dependable sircraft on time for airline service. Safe in 
terus of flisht quality standards and FAA requirements, 
dependable in terms of airline schedule performance with a 


minimum of delays to the passenger, and on time in terns 
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TPBRTE -~ The Program ivaluation and Xeview 
Technique is one of the newost and most promising of the 
computerized management planning and control devices. It 
is a tool which is used for defining, integrating end 
interrelating whet must be done to accomplish program 
objectives on time. Its three salient features are 
plenning, scheduling and the concept of the critical-path. 
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of minimum out-of-service time for the maintenance and 
overhaul activity. The commercial turbo-jet airliner 
costs $6 million and United calculates when grounded for 
repairs it costs $3,000 of potential revenue each hour 
it might otherwise be in the tages 

the specific goal at United's Overhaul Base was to 
completely overhaul ea very complex circrert such as the 
DpC-8 or B-720 in five days. This involved planning and 
scheduling 12,000 man-hours and some 2,000 different jobs 
(of which only about 50 per cent are lmown beforehand) 


« 


within an elapsed time of 120 hours, and not just once, 


MM 


but routinely each weels through the year. TLS» THe, 
is the specific vroblem United attacked and this chapter 
Will describe their approach and final solution adavted 


from the PERT technique. 


Turbo~jet Airliner 


United's Base Overhaul had been using traditional 
plamning and scheduling tools for years, such as Gantt 
or bar charts, sched-u-graph, ctc. However, when the 
turbine aircraft were introduced, they found these systems 


could not cope with the magnitude of the probleme 











a ge 





Ite Wall Street Journ@i, 1% Pb. 195), p. 1. 


“Letter from P. 4. Wood, Viee President Base 
Maintenance, United Air Lines, San Francisco Base 
Maintenance, 11 Dec. 1963. 
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Thesé planning systems had deficiences resulting 
from techniques which were inadequate for dealing with the 


complex job of overhauling e large jet aircraft. 

The volume of paver, the coordination required in 
sequencing work ations seven key crews, timing of part 
requirements and cozmunicating work accomplishment through 
three shifts, simply overwhelmed the planning center 


people. 


Gritical Path Analysis 

PERT (critical path analysis) is used for project 
type activitios such as heavy contruction, facilities’ 
maintenance, shipbuilding, and research and development of 
military prosromns. United Air Lines found thet the 
factors common to these typical projects were also common 
te the overhaul of a turbine aircrcft; namely, the end 
products ef the operation are few in number; the operation 
is composed of a large number of serial and parallel jobs; 
all of these jobs are directed toward a common objective; 


there is a degree of uncertainty in the production method, 


time required and allocation of resources3 and several 
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organizations are involved, heving different jobs to be 
done and having communication — re 

To draw a parallel, mejor meintenance or overhaul 
of airerart combines a tnorouzh inspection, scheduled 
Changes of many components and any modifications recuired 
on the airframe or aircraft systems. ‘The pattern of this 
sype of maintenance is disassembly, inspectiony repair and 
or modification es required, reassembly, then operational 
eneck. ‘This ig @ rather straiehtforward coneept and 
the case of piston aircraft, United had years of 
experience and relatively simple systems to contend with. 
This made conventional planning and scheduling systems 
quite capable of handling the situation. With the 
appearance of very cxpensive jet aircraft and the pressure 
for high utilization of the equipment, the picture 
changed. 

The attempt will not be made here to deseribe the 
technique of critical path (PERT) since a great deal of 


literature is available on the a Eseentially, the 
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lunited Air Lines, "Project 3 Turbine Aireraft 
Overha uling Scheduling Syston," Sen PranciscG, Calif, 
20 Sent. 1960. (ifimeosraphed.) 


Of ae 


“Wood, lLoGe Cite 


3For @ description of this technique see: White, 
Glenn L., "Computerized Project Network Analysis," 
The lillitary Engineer, Vol. 55, Wo. 366, July-Aucust 1963, 
PD 236-239 6 
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critical path anelysis provided United with the means to 
diagran the interrelationshins among various jobs, 
identify the skill and manpower required for each 
operation and finelly come up with the propor sequencing 
for completion of the total overhaul in the shortest 
elapsed time. "In a way," says Percy Wood, head of 
United Air Lines Base Maintenunce Department, “eritical 
path enelysis applies the same common sense to a 


bed 


production problem that the humen brain would if i% 
could stretch that far and assimulate all the facts.”! 
Initial efforts to develop critical path charts amounted 
to @& trial and error method. Tventually it boiled down 
to the construction of eignt networl cherts whieh 
comprised the eignt key maintenance areas of the airplane. 
These were hydraulic systom and control surface rigsing, 
cabin, radio and electrical system engines, air 


conditioning, Puel and the cockpit. Conventional arrows 


C2 


were used to represent individual jobs in these networks. 
Certain innovations were necessary. For exemple, the 
independent treatment of the networks representing the 
Gigent area groupings was not completely realistic. In 


some cases an operation in one category was a prerequisite 


58) 


to another represented in a different network. This had 








1 nn A °%7% ™* a 
Wood, 9 Dec. 490335 Log. £11. 


a ee * ° mn . | 
“United Air Lines, Project 34, loc. cit. 
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to be snown where its effect was felt -- outside 
parent grouping. In other cases there was little or no 
reason to show one job ahead of another. An arbitrary 
sequencing was established, | 
The network was Laid out in general terms, based 
on observation and analysis. Then it was progressively 
refined through consultation with experienced foremen and 
highly skilled maintenance personnel. These diagrams, 
then, comprised the master plan for the overhaul and 
permitted visualization of the entire process. This, 
incidentally, wes one of the first major benefits obtained 
from the ancien It proved to be an excelicnt 
communication device for discussing the method and 
management of the overhaul process. In the method area, 
for example, a number of inadequacies and errors in the 
job card operation were turned up and many changes were 
necessary in order to properly organize the individual 


iebs.r 


The Computer 


Upon completion of the network development a 


computer prosram was prepared for the IBM 101. This 
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program provided the means for identifying the critical 
path. In addition, several print-out variations were 
added to orovide the foreman with a sinmle control tool. 
For exarnple, the standerd critical path print-out for the 
total overnaul would be too cumbersome for a forenen to 
work with, therefore the information was sorted out for 
each of the key networks and assembled in order of 
increasing slack. In other words, critical jobs with no 
Slack at the top of the page followed by the near critical 
jobs, and so one! 

An initial triel period of six months was set up 
to test and "debug" this method of scheduling in real 
life. ‘the eight network diagrams were posted in the work 


ea so that maintenance personnel could become familiar 


a 


with the method of representation and thus be in a 
position to contribute refinements In addition, ea twice 
dsily computer run was prepared. It enabled manazenent 
to see delay situations developing and teke the right 
ection to avoid or at least minimize the sonsecueneen.” 
United rated the test successful with a definite 
improvement in moving toward a scheduled five~day 


overhaul, The foreman beeame hishly conscious of the 
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ines » “Project 83 -- @urbine Aircraft 
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“United Aire L 
Overhaul Scheduling SF 
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critical path jobs. He was in a much better position to 
allocate job priority and skills, and he based his 
decisions on realistic criteria -- especially those 
on-the-spot decisions thet always ocean | 

As far as further development of critical path 
was concerned, the test demonstrated that invariably the 
governing network proved to be the hydraulics system and 
rilight control rigging. These were the controlling 
factors leading to on-time versus late release. As a 
result increased attention was focused on hydraulics and 
rigging and the other networks were de-emphasized. 

Today this modified critical path system is 


instelled and operating at United Air Lines Base Overhaul. 


Results 

The application of this technique to the 
scheduling problem of overhauling turbine aircraft and 
engines has produced the following results: 

1. It has resulted in improved descriptions of 
the detsiled work with an overhaul and this in turn has 
permitted better analysis and coordination by management. 

ee Lt has afforded effective centralized control 


over the various phases of the overhaul. 








ltpid. 
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3. It has provided well-founded sensible 
sequencing of the many and varied jobs to be done in the 
highly complex and specialized aircraft systems. 

be It has permitted better parts availability. 
Hiore realistic predictions of need-times lessened the 
emount of expediting necessary and resulted in smoother 
flow of components among the support shops, stock rooms 
and overnaul docks. 

5. It has reduced out-of-service time of the 
aircraft being overhauled.’ 

Critical path analysis, a planning and production 
control technique, is made possible by the computer. This 
method doesn't decrease the amount of work thet necds to 
be done. But it does help get tasks better organized and 
in getting jobs assigned and accomplished in a nore 


orderly and efficient manner, 
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CHAPTER VI 
AUTOMATIC CHECKOUT EQUIPMENT 


Previous chapters have shown airplanes ere 
expensive machines to keep idle. Irplicit in any cost 
consideration, of course, is the problem of personnel 
required to accomplish maintenance activities. As the 
airplanes and the equipment installed on them become more 
and more complex, it becomes more and more challenging 
for maintenance managers to find ways and means of 
deploying mechanical personnel to accomplish most 
efficiently the job at hand. It appears there is a trend 
toward increasing svecialization of mechanical personnel 
and, of course, higher labor costs. One hope thet might 
make this trend unnecessary is in the increasingly 
effective use of automatic checkout equipment, which 
would make a senerally good mechanic effective in trouble~ 
shooting systems whose innermost seercta he misht not 


fully understand. 


types of Maintenance 


Generally spealing, an airline accomplishes 


maintenance on its flight equipment on a two level plen, 
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Routine maintenance of a "day-to-day" nature commonly 
called line maintenance is accomplished usuelly at 

several stations situated along the airline route. Such 
rygaintenance renges from routine handling of flight crews 
to relatively complete preventive maintenance checks 
(discussed in prior chapters) that talze up to 2l. hours 

and many hundreds of man-hours to accomplish, these being 
done at intervals of 100-200 hours of flight time. At 
greater intervals, roughly in the 2000-000 flying hour 
range, the airplane is brought into a central maintenance 
facility where it is laid up for a period of approximately 
& week during which time it is overhauled. During this 
overhaul period many of the more complex units ere removed 
from the airfreme and are worked on in nearby shops whore 
creater efficiencies can be achieved in the performance of 
routine checkout of the units to assure thoir capability 
of continuing to do the task assisned. 

Two distinct types of checkout equipment are now 
utilized to service these two types of maintenance 
activities. The lino maintenance function is served by 
semi-automatic checkout equipment that is considered 
relatively coarse in nature and whose purpose goes no 
further than to point out the faulty unit or "black box” 
that is rendering a given system unusable. In tne 
airplane overhaul function, more elaborate and more 


complete checkout equipment is employed to delve deeper 
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into systems installed in the aircraft and in shop areas, 
to accomplish long and arduous step-by-step checking of 
complex pieces of equipment either prior to or following 
overhaul in a shop. 

Both military aviation and comercial airlines 
have recognized the need for automatic checkout equipment 
to perform maintenance checks on aircraft systems. 
Application of semi-automatic checkout equipment has 
found wide use in radar systems, electrical systems, 
weapons systems and various other electronic and hydraulic 
SYSTOMS « 


Look at an example of a specific piece of 


Automatic Pilot System 

Virtually all eirlines are using checkout 
equipment for their automatic pilot systems. Generally 
this piece of equipment comes under the category of 
semi-automatic type and is contained in ea unit smell 
enough to be termed a "suitcase tester." ‘The 
semi-autometic tester for the DC-8 autopilot syston 
accomlishes 99 distinct tests and is intended to pinpoint 
the particular "black box" or component within the 


installed system that should be removed and replaced in 
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order to bring the system into satisfactory operation. | 
these testers are available at the Jine maintenence 
stations for use by mechanics to analyze and trouble-shoot 
systems that have been comolained about by flight crews. 
These semi-automatic checkout units can be very 
valuable in finding troubles which can be corrected before 
they become "squawis" by a test flight crew. Using a 
$6 million airplsne and a four-man flisht crew as eae test 
bed for an sautopilot system with one, two or toree re-runs 
or test flights to make sure that the trouble has been 


found end corrected, can be a terribly expensive way to 


operate. 


band 


Pull Automatic Houipment 
weede 


liost of the semi-automatic equipment now in use is 
relatively "coarse" in nature. Usually only ceneral 
indications are made. Too often, trouble-shooting with 
this equinmment ends sitwly with replacing the biggest and 
most complex unit in the system because the Law of 
averaces says that this unit is likely to be the one with 
trouble in ite® Ooviously this "shotgun" method is the 


most expensive possible to use. The cost in terms of 





Talarich, J, Ae, "Automatic Checkout Equipment for 
Aivline Use," SAE Journal, Vol. 68, Dec. 1960, ». 39. 
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aircraft out of service and thereby beings a detriment 
instead of an earning power factor, the man-hours costs 
involved, the cost of the elaborate facilities that have 
to be provided in order to work on the aireraft at all 
snd the tremendous cost of maintaining a stock of spare 
units of all sizes, shapes end descriptions in order to 
keep ever increasing supply lines full, is prohibitive. 
What is needed is more elaborate and more delicate 
full automatic equipment for line maintenance. The 
concept should be in the nature of a van outfitted with 
sophisticated checkout equinment that can drive alongside 
the aircraft and plug in a cable to a receptacle on the 
side of the plane to checkout its systems in depth, 
Aireraft now on the drawing boards should be 
designed to utilize sopnisticated cyoernctic maintenance 
equipment. ‘the design concepts must teke thia need into 
full account, and the detailed ensineering must recogniz 
the requirement as the system evolves. Wiring circuits 
must be integral with the aircraft systems to permit the 
detailed analysis required. It is too late if we try to 


add it on or to squeeze it in later, 
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CHAPTER VII 
FLIGHT DATA RECORDING FOR MAINTENANCE 


Maintenance Analysis 

All routine maintenance is now predicated upon 
time exposure of parts and equipment to usagé and wear. 
it is true that information evailable from electronic 
data processing has put this problem more into focus -- 
that in case after case adjustments are being made to 
Lengethnenm service life of Airframes and parts. Often 

equipment end parts are being changed before failure by 
fied replacements, More efficiency and great savings 
have resulted. 

Maintenance analysis, the "science" with which 
manacors attempt to pinpoint where excess Labor and 
meterial are beings expended, cannot Tully be developed 
until engineers can incorporate the otner factors Imowm 
to figure in wear and failure of parts, Temperature, 
stress and action heave long been known to be important 
to the life of perts or systeme. 

Information from data processing systems have 


built a preponderance of evidence to indicate there is a 


definite correlation between the functioning or 
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malfunctioning of a component or system on an aircraft and 
other components and other systems on the same aircraft. 

& Simple case in point may be the landing strut on 
an aircraft or one of its many associated perts. ‘The only 
Way this part's life is determined now is by length of 
service end inspection for evidence of failure, 
(Inspections are even predicated upon time. Routine 
inspections are made arter each flicht with more detailed 
examinations being made after so many hours flight). 

More meaningful than time in eveluatines wear would be the 
number of times the landing gear was activated (the plane 
could have veen used on long flichts with few landings or 
vice-versa). Other information would also be useful. 
Were the landings “hard” or "soft"? What were the 
loadings on landings? Wheat vibrations were experienced? 
How wich was the aircraft taxied, turned? With this 
information we would be in ea better position to predict 
waen the activating rod on the shimmy dampner would fail, 
and to predict if this failure would result in a blow 
tire end if the ultimate result would be a failure of the 
lending strute 


With thousands of parts to wetch, statistical 
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nalysis of time and feilure correlation has been about as 


much as management could digest until now. With the 
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automatic equipment and cybernetic systems now available 
other factors that contribute to failure can and must be 


considered, 


Fii2aaét Date Recordin 





A comprehensive routine flisht data recording 
system should be developed and installed on aircraft. 
similar systems are now available and in use in aircraft 
research and testing programs. | The basic purpose of the 
maintenance recording would be to make available quickly 


taff a complete 


i 


to the maintenance manacer and his 
statement of the overall condition of an aircrart and ail 


its component parts and accessory systems. Practically 
peramnecters in an aircraft in the course of 


all operating 
normal operation could be transduced into electrical forn, 
then transferred to a magnetic or paper tepes. Figure 9 
shows a list of flisht parameters considered sicsnificant 
for maintenance purposes. This tape could then be the 
direct input at a playback rate of one-hundred times 
recording speed to computers after each flight. 

fhe tepe recording would then furnish to a 


computer the current condition of the aircraft components 





lmiichi recorders are new in rovwtine use by 
airlines for a different purpose. Recordings made of a 
few basic parameters, protected by armored containers, are 
only analyzed in the event of a crash. Ho routine use is 
made of this valuable though scanty (in its present form) 
information. 
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by direct measurement and the actual service which the 
aircraft as a wnole end its components in detail have 
uncergone. Precise forecasts could be read directly fron 
the computer as to when future maintenance action would 
become necessary by the detection of major end minor 
malfunctions which require immediate attention. ‘The 
detection of failures occurring at key points in the 
mechanical, electrical and hydraulic systems of the 
aircrart would be diagnosed and indicated by the computer, 
Ag diagnosis nommediby represents a.major proportion of the 
time taken in “trouble-shooting,” there would be a 
sisnificant savings in maintenance, cost. 

The advantage of recording for diagnosis is 
particularily important wnen feilures occur that are 
associated with conditions of flisht ~- for example high 
altitude and air speed ~- is difficult if not impossible 
to reproduce in ground "run-up" tosts. 

Obviously hours flown are not a reliable 
indication as to the overall service which an aircraft has 
undergone. The difference between the effects of flignt 
in calm eir and turbulent conditions on fatigue in the 
airframe structure is manifest. Just as obvious are 
effects of such factors as extremes of exhaust as 
temperatures in turbine encines. Exceeding certein close 
limits for short periods mey call for the replacement of 


2t least the entire "hot" section of an engine. It should 
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be equally clear, therefore, that if certain conditions 
ire destructive of an engine, then conditions less serious 
will affect the life of the engines in a merked degree. 
The use of the flight réterders to supply source 
data as inputs to an integrated information systom would 


represent a major breakthrough for aircraft maintenance 


managers. Shortly after each routine flicht, managers 
would have available information herebefore available 
only to ongineers in research work. Furthermore, this 
information after processing by computers would be 
presented in terms of management decisions. 

integration of the more meaningful date from 
fiicht recorder-computer systems with existing data 
collection systems, coupled with automatie checkout 
equipment snould satisfy management needs for control, 
understanding and efficiency. 

Plight recording systems and e¢ircuits for full 
automatic checkout equipment cannot be precticelly 
backfitted into present aircraft. Provisions for these 
Systems should be incorporated into the design of aircraft 


and constructed as an integral part of the aircraft and 


Lts own systems. 
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CHAPTSR VIII 


CYBERUBTIG MATITRUANCH }-~ A NHOESSITY 


Airevaft maintenance management problems are 
manifest. The costs involved ere staggering. Recognizing 
the potential for managenent control of the computer, 
Sircraft neintenance managers ere turning to automated 
equipment and techniques for a solution to their problems. 

Wilitary aviation has initiated electronic data 
processing systems to give manecers more meaningful and 
timely information with which to work. Many commercial 
airlines new use computers to make decisions for 
maintenance managers. These computers actually order 
part chenges and schedule aircraft for inspections and 
overhauls. Computers store tecnnical maintenance date for 
immediate access, Computers even help speed big cemplex 


@ 


aircraft through overhaul by assimuleting and organizing 
the work. Semi-automatic checkout equioment similates 
operation and spots failures before they occur. 

The impact of these cybernetic systems on aircraft 


maintenance hes been better maintenance. For military 


aviation better maintenance has meant increased readiness, 
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lower cost and safer operations. For eirlines, better 
maintenance has meant safer flichts, more dependable 
timetables and rising profits. 

Maje Gen. Joseph R. Holzapvic, USAF, Assistant 
Deputy Chier of Staff for Systems and Logistics, notes 
the new maintenance management propram has paid dividends. 
The time for pulling a 600-hour inspection on the KC-135 
tanker hes been cut from nine days to two and a half. 
Inspection time on the B-52 hes been dropped from eleven 


to under four days. Today the Air Force enjoys a 


€3 


Lenificantly stronger force from an inventory that has 
Lmecrensed Little in numbers, 

The jet, elthough its basic engineering principle 
is far simpler than the piston, actually has more complex 
accessories and is more difficult to maintain than the 


he introduction of 


Gr 


piston airplane, Yet, since 


tems for mainténence, U.S. sxirlineé industry 


63) 


Cybernetic s¥F 
figures show jet engines are shut down in flight because 
of failure only one-sixth to one-seventh as often as 
— ‘ 2 
piston ensines. 
American Airlines reported mechanical trouble 


delxyed only i. ver cent of their flichts in 1963, against 
iy a {av 3 wal} 








‘Ranford, k@ce CALs 


“The Wall Street Journal, 11 Feb. 196), pv. 1. 
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7 per cent of the 1960 departures; they predict a further 
drop to 3.5 per cent in 1961. 

Trans World Airlines, Ine. now schedules a major 
aLprrame overhaul for each of its jets only once every two 
years. Before the introduction of their comprehensive 
computer parts accounting system, an airliner could go 
less then a year before requiring this $90,000 job. 

ine time between major engine overhauls -- at a 
cost of ebout 6100,000 on a four-engine eirplane -- hes 
been extended even more dramatically. Pratt and Whitney 
jet engines had to be overhauled after each 800 hours of 
operation in 1960. Today they are goins 5,000 to 6,000 
hours between overhauls on severel major oirlines.° 

The results of these cybernetic systems have been 
Sizable direct cost savings to the airlines. More 
amportent still, the airlines are now able to keep their 
jeus im Tlight long cnougn te get the Tull benerit oe: 
their earnings capacity. TWA, an international carrier, 
now con break even flying its plenes with less than 


hO per cent of their sects filled@s in 1956 it required 


60 per cent. Amcricen Aivlinos, a domicstic carrier, can 
if ’ 9 
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break even now with 5l por cent of its seats filled, 
egainst 60 ner cent in 1956. 

Moenagers may expect even more help in the future 
from flight recorders. These recorders will vrovide 


flight parameters of aircraft while flyins as source date 
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to computers for analysis and diagnosis. This innovation 
could be a major break through the time honored “hours 


flown" management concept. 


Conclusions 

Solutions to the maintenance problem are 
progressing in a traditional manner. Machines and 
computers are being substituted step-by-step for manual 
systems. This approach has been pernaps the result of 
entrusting the role of researching solutions to 
menecement!'s problems upon the manufecturers of computers. 
The computer manufacturer!s research people frequently 
have determined the first applications of computers with 
no real idea of the problems involved or management's 
needs. OF course, these epplications have been the ones 
easiest for the manufacturer to sell existing hardware. 
Initial results apveer most impressive even as new 


problems and Limitations appear. 
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Tne approach that must now be taken must be in 
terms of a wholly integrated cybernetic system. low that 
the glamor of the computer hardware has faded into proper 
perspective, attention must be focused on manarencnt 
systens to best utilize technolopfical innovations. 
Management needs to determine what information must flow 
and its relative value. It must devise new totally 
integrated systems, then seek out manufacturers to fulfill 
the herdware needs. 

&ircreft maintenance managers end aircraft 
Gesigners should collaborate on the design and 
construc#eion of aiweraft that can Ve a part of & fully 
intesrated maintenance maneszement system. Planners of 
aircraft in the future must incorporate use of full 
automatic checkout equipment and flicht recording systems 


in their designs. 


Future High Performance 


Aaroralt 

It is every bit as important to achieve 
maintainability and reliability in tho supersonic 
bransport as it is to obtain the Mach 3 performance. fthe 
economics of a Mach 3 airplane are based on the 
realization of three times the productivity of the present 
subsonic machines. If this objective is not reelized, it 
probably will result in economic disaster for the airline 


and possibly for the specific airframe manufacturers. 
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It is imperative, therefore, that the next seneretion of 
air transports be designed with reliability and 
maintainability on equal basis with the speed and 
perfornance requirerients. Quick and effective handling 
of all maintenance must be achieved to assume success of 
the supersonic airplane. 

Mainteinability and reliability in future militery 
aircraft are not any less imperative. Reaction times are 
shrinking, constent readiness is a must. The tesk of 
maint:ining a readiness posture is a gigantic one for 
military managerient. 

Aircraft maintenance managers must rely on 
cybernetics for help. The high performance aircraft of 
the future must be designed end built for management and 


maintonance by machines. 
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